Subsequently , m g n e t l c resmarce spectroscopy has becaw very widely used i n laboratory physics and chemistry, but it i s m l y i n the last few years t h a t studies o f l l v i n g anlmals and h m subjects have becaw feasible. Thls developnent depended cn the productim of large and p m r f u l superconducting magnets t h a t are necessary f o r the p r o v i s i m o f a s u f f i c i e n t l y strong uniform magnetic f i e l d (16). The p r i n c i p l e of the technique depends m the tendency of c e r t a i n atanic n l c l e ! w l t h magnetic m n t s (notably 31P, AH, 13C, 23Na and 19F), t o l i n e up a l m g the f i e l d . This alignment can be disturbed by applying a suitable radiofrequency pulse a t r i g h t angles t o the magnetic f i e l d . When the pulse ceases, the nuclei return t o t h e i r previous a l i g m n t and i n so doing emit a radiofrequency signal which can be detected. The exact frequency o f the signal depends m the chemical carpand i n which the nuclei reslde, and the signal-intensity i s p r o p o r t i m a l t o c m c e n t r a t i m . I n practice, the part of the body t o be examined i s n o n m l l y placed w i t h i n the horizontal bore of the magnet. and a successim of radiofrequency pulses i s transmitted by a surface coil, whlch also acts as an aeri a l t o detect the signals returning f r a n the tissue (1). These signals are then processed t o opt imise signal -t o n o i s e r a t lo. The a t w mic nucleus m s t c m l y studied so f a r i n the l i v i n g organism i s 31P, largely because the c m c e n t r a t i m s of phosphorus carpands t h a t are inportant i n energy metabol ism can be measured, notably those of adenosine triphosphate (ATP), phosphocreatine (PCr) and inorgan i c orthophosphate (Pi); moreover, intracel l u l a r pH <pHi) can be calculated frcm the frequency o f the Pi resmance (12). The f i r s t tissue t o be studied I n d e t a i l i n man, i n 1980, was skeletal rmscle, because the 20-cm bore o f the f i r s t suitable magnets was s u f f l c i e n tl y large t o a c c w a t e a limb. Much new i n f o m t i m has been acquired about the energetics o f rmscle c m c e n t r a t i m <24), and the technique has also been used t o diagnose a d investigate disorders of rmscle metabolism, including phosphorylase deficiency (McArdle's syndrane) and phosphofructoklnase deficiency (11,201.
The b r a i n i n newborn infants
The inpetus t o study newborn infants arose frcm evidence that the major cause of neurodevelopnental d i s a b i l i t i e s i n infants who require intensive care I s cerebral hypoxic-ischaemic Injury. Since a l t e r a t i m s i n the 'high-energy' phosphorus metabolites and i n pHl are t o be expected i n c m d i t i m s where oxidat ive phosphorylat im i s disrupted, 31P magnet i c resmance spectroscopy offered the prospect of exploring the pathogenesis and cmsequences o f hypoxicischaemic injury, as well as assessing the efficacy o f preventive strategies and treatment. Furthemre, the possibi l i t y o f obtaining h i g h -r e s o l u t i m spectra frcm protons ClH), 13C and other atmic nucl e i appeared t o open up a rcute towards the nm-lnvasive diagnosis and i n v e s t i g a t i a , o f inborn errors of mtabolism. Since the bore o f the available magnet was s u f f i c i e n t l y large t o acknit an adult I imb, it seenzd l i kely that a newborn infant could also be successf u l l y studied. Normal infants. Spectral peaks a t t r i b u t a b l e t o ATP, PCr, Pi, and phosphodiesters plus phosphollplds were easily detectable fran the tenporo-parietal cortex o f normal infants, together w i t h a large peak resmat ing i n the phosphanmcester r e g l m of the spectrun, vhich i s thought t o be a t t r i b u t a b l e t o phosphoethwolanine (131, a major precursor of &rane phospholipid m d rnyelln. The c m c e n t r a t l m o f t h i s metabolite increased ( r e l a t i v e t o the other phosphorus metabolites) w i t h decreaslng g e s t a t i m a l age and f e l l w i t h increasing postnatal age. L i t t l e appears t o be present i n the adult hunan brain (5) . The ccncentrat im of phosphmcester has been shom I n the b r a i n of the newborn r a t t o f a l l t o adult levels over the f i r s t m n t h of l i f e (22). I t s presence i s therefore c l e a r l y related t o brain rraturatim. The mean PCr/Pi r a t i o i n the term infant's b r a i n was 1.35%~ 0.22 <n=6) and mean PCr/ATP was 1 .OlfO. 14 (13-6). These r a t 10s are indices o f the phosphorylat i m potential o r 'energy stare' o f the tissue and were lcw carpared w i t h expected values f o r adult b r a i n (21); they f e l l f u r t h e r w i t h decreaslng g e s t a t i m a l maturity (14). I n the rat, the r a t i o s have been sham t o increase t o adult values over the f i r s t weeks o f l i f e (22). Mean pH1 I n the term infants was 7.14*0.10 (n-61. B i r t h asphyxia. Ten term infants who had been severly asphyxlated during delivery were repeatedly studied during the f i r s t days o f l i f e (17). Intriguingly, the spectra appeared normal o r almost so m the f i r s t day; but l a t e r PCr f e l l and Pi Increased, causing a f a l l i n PCr/Pi r a t i o t o 0.6&0.34 between the secmd and n i n t h days (p<0.001 versus normal infants). No other abnormalities were seen i n the spectra. When PCr/PI was minimal, mean pH1 was 7.17 * 0.10. PCr/Pi subsequently returned towards normal i n the surviving infants. Part of the explanatim f o r the lay PCr/Pi r a t i o i s I i k el y t o be that the i n t r a c e l l u l a r c m c e n t r a t i m o f adenosine diphos-
Abnormal spectra w i t h PCr/PI r a t i o s below the normal range were detected i n infants w i t h increased cerebral echodensities progressing t o periventricular leukcmalacia and cerebral i n f a r c t i m <14), and i n infants w i t h periventricular haenwrrhage and post-haenwrrhagic hydrocephalus. Two i n f m t s w i t h inborn e r r o r s of metabolism, prop i c n i c acidaemia and arginosuccinic acidamla, both o f which cause sericus interference w i t h the t r i c a r b o x y l i c acid cycle, had gross d e p l e t i m of PCr and ATP, and a p r o f m d l n t r a c e l l u l a r acidosis (pHI 6.41 and 6.45). L i t t l e I s k n m of the mechanism of neurological disturbances associated w i t h inborn e r r o r s of anino-acid metabolism. Very recently, it has been shcun t h a t the i n t r a c e l l ul a r ccncentratim of m e amino-acid, histidine, can be measured by 1H spectroscopy i n the b r a i n of the muse w i t h ccngenital h i s t i d l naemia: measurmnt of l n t r a c e l l u l a r phenylalmine levels should also s h o r t l y becaw feasible (8) . 
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Hemoglobinopathias and thalassemias are t h e two major types of i n h e r i t e d disorders o f hemoglobin i n man. While the hemoglobinopathias e x h i b i t q u a l i t a t i v e changes of the g l o b i n molecule, t h e thalassemias r e s u l t from an imbalance i n a-and non-a-globin chain production. I n recent years t h e s t r u c t u r a l features o f the normal human g l o b i n genes as w e l l as t h e molecular l e s i o n s i n several hemoglobinopathias and many forms o f thalassemias have been determined by t h e a p p l i c a t i o n o f recombinant DNA technology. While g l o b i n gene d e l e t i o n s are t h e predominant underlying molecular defects i n a-thalassemia ayndroms, the m a j o r i t y o f hemoglobinopathias and B-thalassemias are due t o p o i n t mutations w i t h i n t h e respective g l o b i n gene regions. A t h i r d p o s s i b i l i t y t o i d e n t i f y chromosomes c a r r y i n g p o i n t mutations o r small d e l e t i o n s r e l i e s on o l i g o n u c l e o t i d e mapping procedures t h a t have successfully been applied for diagnosis of some hemoglobinopathias and thalassemias. Here genotype a n a l y s i s r e l i e s on the d e t e c t i o n o f normal homozygotes, heterozygotes and d e f e c t i v e homozygotes e x h i b i t i n g t h e respective three s e t s o f intense, intermediate and missing band s i g n a l s upon h y b r i d i z a t i o n w i t h o l i g o n u c l e o t i d e s complementary t o t h e normal or the mutated gene sequence. These experimental c o n d i t i o n s can a l s o be used i n diseases w i t h an autosomal dominant i n h e r i t a n c e p a t t e r n as i n t h e Hb F r e i b u r g disorder, where normal homozygotes can be d i f f e re n t i a t e d from Hb F r e i b u r g p a t i e n t s (Horst e t a l . unpublished).
For diagnostic purposes t h e i d e n t i f i c a t i o n of mutant genes i n c e l l u l a r DNA i s t h e o r e t i c a l l y p o s s i b l e because o f t h e d i r e c t o r i n d i r e c t s p e c i f i c i t y of r e s t r i c t i o n enzymes. A d i r e c t i d e n t if i c a t i o n of the d e f e c t i v e gene can be made i f t h e mutation changed an enzyme's cleavage s i t e and thus changes the normal DNA r e s t r i c t i o n p a t t e r n . For example, t h e d i r e c t d e t e c t i o n o f t h e s i c k l e c e l l gene w i t h r e s t r i c t i o n enzyme
A l l these methods have been a p p l i e d for pre-and p o s t n a t a l d i a g n o s t i c purposes. I n genetic c o u n s e l l i n g they have been used together w i t h chorion biopsy o r amniocentesis t o provide p r e n a t a l diagnosis i n f a m i l i e s a t r i s k . I n the case o f a-thalassemias p r e n a t a l diagnosis might only be a p p l i e d t o permit a mother w i t h a f e t u s w i t h hydrops f e t a l i s t o choose whether t o c a r r y t h e f e t u s through t h e f u l l 9 month of pregnancy. However, together w i t h hematological and family s t u d i e s DNA-analysis data are e s p e c i a l l y u s e f u l t o d i f f e r e n t i a t e between a-thalassem~a-1 and a-thalassemia-2 p a t i e n t s and thus t o determine t h e exact diagnosis ( 6 ) .
